Background: Diarrheal disease is one of the leading causes of morbidity and mortality globally, 34 particularly in children under 5 years of age. Factors related to diarrheal disease incidence 35 include infection, malnutrition, and exposure to contaminated water and food. Climate factors 36 also contribute to diarrheal disease.
5 120 residential address, patient's date of birth, patient's age, date of admission and reason for 121 admission. 122 All diarrhea cases were extracted from the hospital admission records database for cases 123 defined as diarrhoea using the criteria and terms provided by a South African medical doctor. 124 Abdominal distention was not included since it could be associated with a variety of medical 125 conditions other than diarrhoea. Data were unavailable in 2006 for both hospitals as well as at 126 one hospital for weeks 1-23 in 2002 and weeks 1-40 in 2007. Despite the missing data mentioned 127 above, our analyses could still be applied with the missing values (we did not replace missing 128 values with zero) since we focused on anomalously high and low counts of daily admissions. It 129 should be emphasized that the count for total admissions is not necessarily the total admissions at 130 that hospital for that day / month / year but rather a total of the admissions that were captured by 131 the hospital staff, collected by the researchers and entered by the data enterers. Cases of 132 diarrhoea were summed as counts per week and diarrhoea weekly case counts were used in the 133 contour analysis, described below. 134 Daily precipitation and temperature data were obtained from the South African Weather 135 Service monitoring stations in the same District Municipality in which the two public hospitals 136 were located. Table 1 As an initial step for the analysis, we compared the climate variables, namely temperature and 150 precipitation, between high and low diarrhea case count anomalies from hospital admissions, 6 151 which were calculated by removing the climatological mean and linear trend of the case counts.
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The original time series was decomposed into three components: (i) Seasonal patterns that were removed referring to the "noise", "irregular" or "remainder", which is thus termed as the 158 random component, i.e. the anomalies. Anomalies were therefore calculated according to
Where: A is the Anomaly, S is the seasonal component, T is the trend component, and t is time 162 (or week). High weekly anomalies were inferred as 'higher than normal' diarrhea case counts 163 and low anomalies were inferred as 'lower than normal', where 'normal" refers to the long-term 164 average for the corresponding period/week i.e. the first component discussed above. In addition, 165 we discarded anomalies that were less than one standard deviation from the mean to retain 166 anomalously extreme high or low incidence. Then we segregated the high and low incidence 
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For all weeks within each season, across the data set, we counted for precipitation how 171 many times it rained on average 'y' mm over 'x' consecutive weeks (with x going from 1 to 10 172 weeks, and y for decile increments of the range of precipitation values) and tested these findings 173 for statistically significant differences between the two groups of incidence category (i.e. high or 174 low). The differences of how many times it rained in the high and low groups were plotted as 175 contour lines. Differences with statistical significance, based on a chi-squared test for counts and 176 using a Monte Carlo test [18] with 1 000 replicates to compute p-values at alpha level 0.01, were 177 plotted. We repeated this approach for consecutive weeks with weekly Tmax and Tmin. For both 178 precipitation and temperature, we also looked at lagged effects of each climate variable, for 0 to Precipitation and diarrhea case counts for individuals 5 years and older 200 We applied 'contour analysis' to the anomalously high and low weekly diarrhea count groups for 201 individuals aged 5 years and older and compared these groups by counting consecutive weekly 202 total rainfall. Figure 3 shows significant positive differences for different lags for JJA (dry 203 season). At lags of 2, 3 and 6 weeks, cumulative rain of 8 -14 mm for 6 to 10 consecutive weeks 204 showed positive differences between high and low groups (orange colors). In the beginning of 205 the rainy season SON, significant differences were seen in cumulative rain of up to 14 mm for 10 206 consecutive weeks for up to 2 weeks lag ( Figure 4 ). In the rainy season (DJF), cumulative rain of 207 40 -52 mm for 8 to 9 consecutive weeks showed significant differences between high and low 208 groups up to 1-week lag (Supplementary Figure S1 ). Similar levels of cumulative rain were seen 209 in MAM, however, for lags of 5 to 8 weeks ( Figure S2 ). For children under 5 years of age, significant differences between the high and low groups 213 showed different patterns in all seasons compared to the older age group. The most remarkable 214 difference -evident by the 'red cells' in Figure 5 for most lags -indicated that there was a 215 significantly positive difference when there was a lack of rain (0 mm of cumulative rain) for 1 to 216 2 weeks in JJA. Also, 5 or more consecutive weeks of 7 to 21 mm of cumulative rain showed 217 significantly positive differences at most lags. For SON, significant differences were seen most 218 noticeably at a lag of 5 weeks with 4 to 9 weeks of consecutively no rain ( Figure 6 ). Significant 219 differences were not seen in DJF ( Figure S3 ) and MAM showed differences only at 4 and 8 for 8 220 to 10 weeks of consecutive cumulative rain of 14 -26 mm ( Figure S4 ). low groups ( Figure S5 ). For Tmax, 1 to 2 weeks of consecutive temperatures reaching 24 °C 232 showed positive differences between the two groups at 3 to 4 weeks lag ( Figure S6 ). As for 233 SON, 9 to 10 weeks of consecutive Tmax of 26 °C showed positive significant differences at 5-, 234 7-and 8-weeks lag ( Figure S7 ). Seasons DJF and MAM did not show any significant 235 differences.
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Discussion 238 We set out to explore the relationship between precipitation / temperature and case counts of precipitation and diarrhea, and temperature and diarrhea. In those studies, the datasets were 244 significantly larger in size compared to the data available in our study and there were fewer 245 missing data probably because of electronic record-keeping which is not common practice in 246 rural, African hospitals and clinics. We successfully implemented contour analysis for the first 247 time with meteorological and public health data. This method of analysis is therefore of great 248 potential value for use with relatively small-and medium-sized datasets and where the hospital 249 admissions data are constrained due to missing information -partially because of data being 250 handwritten and not electronically captured. In time series analysis, for example, the approach 251 would be to either remove all data prior to the complete year of missing data (in our study this 252 was the year 2006) or use data imputation. In our analyses, we did not need to remove the data 253 because our analysis was not affected by such missing data, instead, we treated missing values as 254 missing (not zeroes) and focused on the anomalously high and low diarrhea counts.
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Our most statistically significant findings were for children under 5 years of age in whom 256 we saw a high prevalence of diarrhea when conditions were either wetter than average during the 257 rainy season or drier than average during the dry season, as well as when temperatures were In addition, the wetter conditions may lead to increased risks of water contamination. Under-269 developed infrastructure and illegal connections to water supply pipes may also lead to 270 contaminated water [26] . It is possible that children under the age of 5 are more vulnerable to 271 such conditions. However, these assumptions remained to be verified among the communities 272 served by the two hospitals from which data were drawn for use in the analyses presented here. there is anomalous rain (7-21 mm) during the last 10 weeks prior to the winter season. Children 281 under 5 were also susceptible to changes in temperature. For instance, when minimum 282 temperature reaches 12 to 16 ° C, which is warmer than average for the winter season, it could 283 also result in higher cases of diarrhea in the children under 5 years of age. It could be that wet 284 and warmer conditions than average during winter co-vary and therefore anomalous winter rain 285 may lead to warmer temperatures for that season and therefore increase diarrhea prevalence.
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Our study was constrained by the quantity and quality of the hospital admissions data that In summary, using a novel approach of analysis we detected trends in patterns of 301 precipitation and temperature in relation to diarrhea prevalence for two separate age groups.
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Children under 5 years of age were especially vulnerable to diarrhea during very dry, hot 303 conditions as well as when conditions were wetter than usual. We noted that local living, 
